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- Introduction

= Para- axial fie/d/

- DBeam Dymnm'cs

— RF Structure

— Limit ond problem

. Intreduction

In the So% the rf T««lrx/bo/es had been
used for focnlo'v of chrlee/ /oahh‘:b beem
and rf mac“fectroln/o/y.

( 1. P. Blewett Pys. Rov. §8, 1197 (1952))
(W. Paul atal., 2 Plysic 140 (1155)

In their cases only the two olimensional f"‘/j
| had betn use A #m f /nyitud‘wa/ variation )




Hat is onky tle jO//W"y j"‘u

| / @o C284+0)
ucr,9) =4 VSZ AsT " cosacastpy  (1.1)
=0

Iual 6&0" u&‘(.

TAe contribution ?‘ .M. l’afc‘c'n.fk:‘/' and VY

A. Teplyakov is Hat tay introduceal Hree ..
mention ol j("c/a/

v éo 20(2S+1)
Utr.g,2)=-L[2A,r Cos2¢25+1) P +

3=o0

55 Avs Ly (knr)cos2s@sinknz | (1. 2)

nz| =0

The f,wf term in (12) i P two-dimengione/
rml'h‘/oo/c j"dl . The second| one in (I 2) gives
Ing:tnlo‘o»&/ fl'\e/l/ compoment £, .

The contribution ef Los -4/44»-05 am«f 'S Hep
they simplifred she frelal Cxpresion of €12) and

only tok two lewest oreler torm :
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ll.(f. Q,i)=--¥[A» rlmzcy +4,,I,(lr)5:3.1(}] (,‘ 3) |
Vs.‘aj (3) if the shape of vame is a parfect Ac}oeéo/

C 088 -Sectiom am will Aave Ao precise ]tialo/ oA -
1rbution detarmined 6)' h3).

And +he Los Afomo s ;ra«’o built fo‘rs-t /arm‘o-
Type of RFR linac with In}{ -trmm;:;;,.. afficrency
(>9°%) and 1“4)! wrete a series, computer
programms £or beam J)mam:‘cs des:“,n.

Soon after thet ¢ had ja««na, that the teleramee
of tha 'ntervene volta € K vzr)' 'l-‘ﬁt

IV, L Je

2 (.4 )
de _ 7

T T s (.5 )

wh*é V — intervame vakq:
ov — deviation o vV

L — tha totef I”:d! of the RFR Lrnac
X — rf wwe o2 yieledl l)' 27T




C — capacitance between djuouf Vames

9 — the a.ycraae inber vane $oP
o0¢ — the deviation of ¢
7y — the deviation of &

Exanrk 0 you wamt 1o Kc.af __‘%’_é /oz
(433’” . f"’l’z"'M’?) tha @50.003mm.

(. 0. Armstrons st al. RFQ Dave), 4¢ Los Mames)
Foelo .s+46.‘/ga tien s o'mlplrf&n ¢,

First at /os 4/4»:04 wsed amuc:/l/A/ (7 M. Pé((-er
1377 Linear Aar [nf. )

Then severdd RFB strucewres haol been /010/054'/ y

Out at /N"""" twe ﬁ‘ Hen are mope .smccsqn/
than ortlars | ﬂl)' a/e
- vame unfl-‘v rv‘a,s CVCR )
- Pro peses] 5/ H.Lancaster «t. al, 1244 Int. Aee.
Lonf., FNNL, P $12 ¢19¢3))
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> Resonant éoo/o [0'70/'”01 (RLC)

( P"p'ﬂ‘/ ‘)l A. Jch;nﬁo /7&5 Linear 4«
Conf. P. 28], SLAC (1986) )

2. Para - A:)‘d/ ]Cr-e//

Jf you /Joox apssnd fﬁt axrs in RFQ Z‘Wn‘)
the ]‘M/l/ mel a4 can be a/:scroba/ 3){ [4/;14 (e
a.bml'hm (r‘h”“? State )

)+-’r-"3;9.+r——§’— =0 (2.1

The Jemra/ Selution ¢

@ = e V¢ ;::,9 [C,T.cPry) +£;N.,{/>kr)] (2.2

(=0 U Fso  N(0)—> - <o

ij we luwc:slne f”m moJu/m{:‘” ‘lﬂ'J } an's
PR showld be smagimary  pr —»jpK Sb fosul




jnmfo‘m Ia (PRFI is d«dal/ "nto mo/o‘fi-u/

T.jpep) = ;P I, (pxr) (2.3 )
. cosnY .
¢= S PR s mg C1 LaCPRI) (2.4)

4'1 l‘f Chose the Symmetric lo/uw ?C rm/{y'oo/e

as the migiaf reference /a/uv-e then (2.9 ) cen
be written a4

¢=45.‘n Pk} cosn.9 L, tpkr) (z.:’)

For the property of §ymmedsy of the multipele
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7‘«# ? 0'¢
ST thRR e (27>

Decnuse +he ,;«a/nym{e has to be ‘nelusloof
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and we Awe taxen .S]mnM#o?&/ Ia/ue as iniginl

refcrnfe ﬁ/&ncj the solutiom o1 sr ’);‘,'::" ¢

(2.7) 15 '

- > 2028+41) D C
%(’. J9) ‘SE.AOS Y CO}Z(:S-H)19 :
(2.3) )

 The ganerdl Jorm of (2.6) cam be wrifen as
oo %o
ck = iioA,,I,s(Pkr)mzsasmpkg .1

..Sufcrloes;ﬁm of % anof ¢z y

¢ = 0204 rz(zsﬂ) 0% 00
s, s cos 2025+1) 9 + 5 5 Aﬁlzs(pxr)m,,’, X

P=t $=¢
| ‘S PI}
Accadiny 80 (2:10) we hove falling poa "7

W'W‘ :
Ao — avial Symmeirie fo‘c/o/

Aoo, Ay — ’Judru/oo/c
'4/2 — (’fo/o ) od‘fﬂk




A,, . A,, — (IZ-po/e ) 0“:):!"/0&/( @
Ay — C16-poled 2 (howeocall 2np )

Acz - (20'/’0,4’) Dnoa/es'/’ma/

TA:‘S J¢ the veleal case iIn met‘d f-A.Q foul'

electrods ¢ whatever Jeomedric .fhfe f/».c)l Aave)
are exact symmedric around the axcs . In

préctice the four electrodls can not be assem-
bled se /ur«.c‘se/y. Jo in Jm-er&/ case +ke
dipole | sittspole | so- /po/fz/ 14 - /pp/e e

are also exist

2.1n)

the blue ome :s :deaf M‘! >U§
He red one is wom-ides| case ”\\



3. Beam dymum‘cf
Two points Aave ¢o be notrced

® From time o‘dwdm Muf)tdmee ‘10 PT'me

Jc/nml-oné ( rf ) mytma .
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% % q°
F———mee.

! rediel l
na.-uﬁ?aa

of aparture

Firet chose rulo‘m ond of radial omatedss 1
Section and ’o‘vc e Lwmitance f}om #he Yon

4o determine e sk ape of “eplama .cﬂ'/:-es re/et ve

2o J{JOM '/‘f fl‘c/of /9‘4&!5“, ( -,o: ao' 2 0: 180" .

71‘" trace flcﬂ le'/sfs M 20 'f‘l o’t’?kt
C -0 peviglls )
Becanse the Sfra-,f‘ cf ffdl B= .f-'&- ..{!.

m‘ c‘l “b

SopIce
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)$ J“ruﬁac’ towars the input  So she vhree

dl:}oses at the mprt have small dofama..

® ﬂ& trancverse and /nfi tuslinal/ current [wm¢s
are Jetorminesd at the end 96 agonu/ buntahe)
Fhis 35 basance at the ard of pawtel buncher
G 335"~ =30° that /S afmost ple frnal synehron:
j"‘“ . 7‘& @/ulo\l /MJM_ of +ho .ty)mfh‘f
§ 'S detorminec! by

Sin @ -
tan of = ,':isi (3.1)

2
and the  panch space /mj’%\fs :

e
2, = 2

(3.2)

Frm (3.0) amd €3.2) ¢ X obviens
That at te emdd of J«h/ bunch ¢}



@

'$ _f‘c minimum ( whick s I(cft eon St ant

throwsh +he acceloration sectron) and
the space charrl slonsiby 0s +he mmantimum.
ecordiny 2o 1he P nlac ¢ Sweoth Afﬂﬂl"m toon

A / fa, , 7P Mn;br)

- 4M, ’"of-"fr /¢sl€; q \2
Le = =(3) (33
52, PN Y O-f(P] A 2)

havre T -
w My — r‘_{io.v‘foCQ d“}-@ flme Lo flwflh;
S e
6o — ,mhs-n advaace ot Jﬂl’o cwprent
N — reatée of numbey faacs."n vod
A of Joeuswy perted P
j’ll’) — gﬁam &ﬁﬂlJe me j&:tp)'

I, -3, rh g :
g, Jz.llftf) f‘\‘ E..T/Sm¢s/ (3. ¢)

whare /“l — ratde of /ona( ‘tnolinal space a‘l’tﬁ
foree vo the focusin i foe
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U RF Structare

A ccordf M’J to the J‘IQWJY RF struetuse
can be J‘IVO‘M mmto two crf?er?{:

4] High frepuency
Four vane structuye which o self-
involves smany subsiructures : (See Tabfe 1)
VCR — Vame Geu.,),a'n} Rimgs  ( Lancastar 1))
RLR — Resonamt Loep R;‘qgs (Schempp, 198¢)
DDR — Double Ih’»'.z Resonator (Hutcheon  1992)
- AHS — Alternating Halt Short (Huecheon, 1192)
| ( B. WRMJ 1981)
ﬂe above [isted structures are for transvotse
- field stabilgation
There are ve ry fw Works on #he

/ ng'tﬂdo'm/
fh/d Stabi /Jc'hch :
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RLC —Resomamt Live Conpling (Schempp 198¢)
3-D VCR — three d:mm:.ga/ Vane "‘f“'gf h"'#‘
( /;ro/aosu/ b)&
| B. Wony 1967)
b) Low freguency RFO Strustures

Splif Loaxial Resonator

t L.
stralpht Stems Froefurt Le )

andd Chalk R:ver

[Four Poof
s/;m’/

Dounble - H #ype Resonator ( for hiph Vo anw?,
(first b)’ JSoviet Umwg

Low frepuescy Structute s wuseof For
/.aw; tow  acceletatiose (‘ﬁ 'S low )

Comparison beyween 4 _ oo anel & - vane
sthucture ¢ 201 28 My )




1
O Ia fn‘mif/e ):flbmlff foss o‘n_ 4 - Vane
ca.vi'tj Smaller f‘w *ﬁatt " 4 -roa(

Stem Structure,

O, 4--—”4 UL -trA/NJm‘a’a/ Jllfl $0 tncreqes€
ﬂd@/if‘i‘o'ﬂj ‘f"""“")’ < 10 Z So +ht net

?

rf ina‘ut_y may be the seme as f" +he
four vane structure  [fut & -vyane can
;./50 use trape) oidlal 3147&2 -éf/:‘ Then {L~Yane
strueture will have highor rf eﬁf,z,w ey thau
b-rod Strnetwre
@ 4 - roél structule 1s .s.“.flcr than & - Vews
structare



9.

* VENE COUPLING RINGS VCRS STABILIZES INTERNALLY THE 4-V STRUCTURE
_SO THE CAVITY CAN BE LOOP—DRIVEN INSTEAD OF- HANIFOLD-DRIVEN . THE .
.VCRs ELIMINATE THE DIPOLE. MODES IN ‘THE 'FREQUENCY- RANGE OF. INTEREST
PROVIDE ADEQUATE ‘QUADRANT BALANCE . AND SYMPLIFY END TUNERS, BUT THE
FREQUENCY 'OF THE FUNDAMENTAL RFQ MODE IS SHIFTED BY A FEW. PERCENT -
TO A LOWER VALUE BY THE VCR'S.

V(Q

- % ALTERNATING BALF SHORT:STRUCTURE OR.FOLDED DIPOLE (WANG BO-SI 'DESIGN) ..

(a.) . b R
M“”mnmﬂmloumﬂmmma1 -
L) st e ) e W of o 4ok e . rerase “‘“ ‘“""“"

. - :~



« RESONANT LOOP RINGS (RLR)

RLC

onant coupler
I o

.End-cgliices

ez riag (RLR)

- .

" quadrupote<tode - |

'duhdv{upo_l:e L
T ged cend

p:o'lg" DR ~

e'-Aclj-t_a_ﬂon. of'_ .a‘-_l'l"l!.-' T _‘; o



Q Table | TABLE OF RFQ LINAC STRUCTURE. ...
_ STRUCTURES FOR AZIMUTHAL FIELD STABILIZATION
Y aeroee| VCR RLR DDR AHS

“FATURE | S. \33{3% oppo-| Inserting & com (onnecting two| flterna IVely Shog

. \&u%\\xs\\,& . *\smx\w\&\:\.
OF Site vanes by \ivo &»xmm\\\k resonators- of %\&&. o nes o

TRUCTURE|conductor  |placed loop5 e e cavidy end Walls

rings vane end nose. | modle
PERATING | dis turbed disturbed r o
MODE i ...MH m ode «W mode J _,
OUPLING \ Stronger Han| Strorn ger | Weaker Fhan %\W&X&\}\k
PET WEEN ord \.\SQ KFQ| 4an Q\w«v‘&&\ ordl inary RF®Q MMM“ e\»“s.ﬂm» MQQ.
YUADRANTS REE oF® /)

MODE \»Qm\ Fhan \»@R\ 7han \&\m} Fhan | / ager _*\?.\s
EPARATION ordinaty RFQ \ordinary fFE Qx_.\s.haq RFQ |ordinary AR

R BLoar
hmwmhciq Small Small 3ero 3ero
- . . - |ZHEP &,..aﬂ
o | Berkel Frankfurt  |ChalK Rrver " "0 =
AUTHORS %\wﬁm M\m y Unversity | Wi Leb, | TAC, USA

) Lotk Pver MeelL
\Wloed Lovmanii\ Canadd ﬁm.h\ %w\s&\t e
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Table 2

STRUCTURE FOR LONGITLIDINAL FIELD STABILZZATION

NAME OF

stuervre | RLC 3-D veRr*
\nmx NN\\QN %\3\.\9\\ Nrb QSS&G.&.\.X% Qr* Q%Gl

OF RLR site vanes by inclined
STRUCTLIRE rings
OPERATING | F 3otk agioma-
MODE [ .W w,m\ and \QN\.}%«\
m“mww\%“x M‘\.. \a\w er Hharn “MQ\ ¢ \.H\ m““& MMW.S. Lip #o date we cen adjust
DINAL DIREC-| Without RLC | Th4! and fong, s - Ll |
TIoN oy Jiree Lione _ \%\%\ w&\ sa\ ,\3\\ .\\&m&&mh
M QG £ SF- \&\%&V Hhar \ &Qh Sn b o .w\\%&s.. %\ Varisus imethoofs ( .mXa\\?%
PARATION | \without RLC Hal ond /i %%\.x&\\s\\ %&»ﬁ?.mm o vare eoge or end
. e tUning) onfy in Stetre State
:ROUP VELDZITY b 77 orly x Stetic Stafe
W LONGL TV DINA, highes w\nmnﬁﬂw but not in dypamrc state,

Frankfurt N&R /5 \.§\§\§«.m \n\ K\V& |

\ﬂQN-\\Q%{W Q\Q\.‘\e&ﬁ \%.m %\% \X\.@»«“\.\V\ \%&&\kﬁ &\\q&\ &sw\& ﬁ\s«q

*no eXpiriinsnt fRLtor RFQ Linals, ,



Straight stems

4L -ROD -RFQ

|

Linear - 4 - ROD - RFQ

(0 —Mode - A2 structure)

_—

Double -.H - Resonator
(2-TE ,, - like)

Spiral stems’
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0.2
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Fig. 5 fiel

d harmonics Aygm of representative

section with ka =

0.274 versus modulation

(a = 3 mm, 108 HHz, 300 keV proton energy)
109 ideal Aj,,

{deal A.].—_——AOIo

Az, —e—*=fA11,

== Aye

Normalfization Ae1 = Agx/a?

b
Ay = A/ Tan (W3

cosq 4
0.6 1
0.4 1
0.2 1
0 Ay -
05 06 07 08 Al’]
-0.2 1 :
Fig. 6 coso, versus A,o of figs. S, electrode
voltage 30 kV
t crankshaft, 2 barrel, 3 trapezoid
9- 0.4n, 4 trapezoid ¥ = 0.75», 5 ideal,
6 approximation of 5
<
.2
2
§
<
E
Il r. n
T -0 -% [ <% w ® aol]
Fig. 7 Gains WMME and losses @727 of particles
due to A, in proton linac?.*.%. Trans-
mission about 6 mA, shaper omitted in
design, PARMTEQ code, transmission ver-
sus phase plotted.
cosd.2
A - (s
A cosg -
NM ° 7 s,
-
09 10.6
0.6 {04
0.31}0.2
0
03102 | s I
N\, 5 AN
-0.6 ° . -
\d\‘ A
-09 1 \5‘_*_’04/‘
Fig. 8 Field harmonics of fingers type 4 with

ka3 = 0.274 and cosg, versus gap in % of
BA, a = 6 mm, 13.5 HHz, 18.75 keV/amu
energy, €osg, corresponding to

1. 120 kV for fons with T/amu = 1/130
resp. 2. 150 kv, 1/208

tegend of curves as in fig. §

R P Y P e




5‘. Ac‘mo’t M/ 7’0‘[&)"
If we fook at twe term /Dofw'h‘d/ fft/ﬂ/

u=L[X (ff)‘mﬁ +AL kI edsky ] (sf )

E, --{1 rexzy - KAVI[K')GM’} (£.2)
E‘.9 _X_!.rs.nz..s | (.f'.3)
= K4 1,k shkg (£ #)
t_l _
A: ks | (ff)
[ tka) + I (mka)
X = 1-ALka) (5.6

In a alcsa‘;n af RF& 4 showlel jnereas.e

50 m > incranse Y > olecrease



A — acceleration ef‘m‘e«ncy

Y — fo&using -cﬂ.'c‘e.)-ont)/
In fﬂhﬂ“’d ($.2) n oro/¢r to /\’4?
Er conAant readiug of Wf—e a

6 .
haase *"A’/“’ ees.eq . j /] fur-MM’ ’ncrease

A s /imh“ao/ . An oér Emﬂtyﬁw
200 Mwe , W, S2.0Meyv  E, — decrease
at output end. (See Fige. )

In order to builel a shert FE 4

must ,‘»cmas-e) +hat omeans more %&mw

high ;’M’ cant RFR sttuctere M// be
""V‘”{CJ {0»’. CA&SQ Aiﬂﬁ "‘L “‘"&/Mun N frpm .f’;a»

/)ﬂ 2 /J '};"»_.54/

Tée flb// #4‘9 ation sh /07: 2wolt ‘m«/

direction need more Stuoly for f.qr . Vane
RF& sfrmwtz
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DESIGN ,FREQ=201,25 MHZ, Q=1.0,WI0.030,WF=

TANK 1

NC vV

. 00,119
10.119
20,119

30.119°

49,119

50.119

60.119

70.119

80.119
'99.119
100,119
110.119
120.119
130.119
140.119
160.119
160,119
176.119
180.119
190.119
200,119
210.119
220.119
230.119
240.119
260,119
260,119
270.119
260,119
290,119
3008.119
310.119
320.119
338.119
340,119
360.119
360,119
370.119
380,119
390,119
400,119
410.119
420,119
430.119
440.119
460.119
460.119

470.119°

480,119
490.119
500.119
519.119
520,119
680,119
540,119
560.119
560.119
-870.119
560.119
599.119

SRR 294

LENGTH= 204.84 CM, 149 CELLS,
WS BETA EZ CAPA PHI A

,0,083000.0080 0.000 0,00000 -99,0 2,218
2.03000.0080 0.02¢ 0.00000 -9¢.0 1.207
2.03000.0080 0,000 0.00000 -90.0 ©.926
0.03000.0080 0.000 ©,00000 -90.0 0,778
©.83000.0080 0.000 ©.00000 -90.0 ©.686
0.03000.0908¢ 0,000 0.00000 -90.0 @.618
©.03000.0080 0.000 O.00000 -90.0 0,568
©.03000.0080 0.000 ©,00000 -90.¢ 0,528
©.03000.008¢ 0.000 ©.00000 -90.0 0.496
¢.03000.0080 0.014 0.00068 -89.9 0,495
©.03000.0080 0.027 ©.00138 -89.8 0.495
©.03000.008¢ 0.041 ©.00206 -89.7 9.494
©.03000.0080 0,064 0,00272 -89.7 0,494
©.03010.09080 0,068 ¢,00340 -89,6 0,493
0.03010.0080 0.081 ¢.00408 -89.56 ©.492
0.03010.0080 ©.096 0.00475 -89.4 0,492
©.03010.0080 0.108 0,00642 -89.3 0,491
©.03010.0080 ©.122 0,00609 -89.2 0.491
©.03010,0080 ©.135 ©.00676 -89,1 0,490
©.03020.0080 0.148 ©0.00743 -89.1 0,490
0.03020.0080 0.162 0,00810 -89,9 0,489
2.03020.0080 @.176 0.00877 -88,9 ©.488
0,03020.0080 ©.1688 @.00944 -88.,8 0,488
©.03030.9080 ¢.202 ©.01011 -88.7 0,487
©.03030.0080 ¢.216 ©.01078 -88.6 0,487
9.03030.0080 0,228 ¢.01144 -88.5 0,486
©.03040.0080 0,241 0,061211 -88.4 0,486
©.03040.0081 ©.254 9.01276 -88,.4 0.485
.©.03060.0081 0.287 ©0.01342 -88,3 0,486
2.03060.008]1 ©.280 0.01408 -68.2 6,484
0.03000.0081 ©.293 0.01474 -88,1 0,483
©.03080,0081 0.3068 ©.01640 -88.0 0,483
©.03070,0081 ©.319 2.01607 -87.9 0.482
0.03080.008]1 ©.332 0.016874 -87.8 0,482
Q.03080.0081 0,345 9.01741 -87.8 0.48)
©0.030990.0081 0.358 0.01809 -87.7 ©€.481
©.03100.0081 0.371 ©.01878 -87.8 0,480
©.03110,008]1 0.384 0,01948 -87,5 0,480
©0.03120,0082 0.397 0.02016 ~-87.4 0,479
©0.03130.0082 0.410 0.02088 -87.3 9,479
©.03140,0082 ©.424 ©.02157 -87.2 0.478
©.03150.0082 ©.437 ©.02228 -87.1 @.478
©.03160.0082 ¢.45C ©,02300 -87.1 ©,477
©.03170,0082 ©.463 0.02371 -87.0 0,477
0.03190.0082 ¢.475 ©.02432 -88,9 £,478
?.03200.0083 0.488 ©,02495 -868.8 0.476
0.03210.0083 ©.497 ©.02668 -86,7 0,478
0.,03230.0083 0,608 ©.02623 -86,8 0.476
©.03260.0083 ¥.520 ©.,02688 -86,65 0.476
0.03260.0083 0.632 ©,02755 -86.4 0,474
0.03280.0084 0,543 0.02822 -88.3 0.474
0.03300.0084 0,656 0,02891 -86,3 0,474
0.23320.0084 0,667 ©.020982 -868,2 0,473
0.03340.0084 ©.679 0.03033 -868.1 0.473
0.03360.0085 0.591 ©.031068 -88.0 0.472
0.03380,0085 0,603 ¢.03181 -86.9 0,472
0.03410,0085 0.616 0.03257 -86.8 0,472
0.03430.0088 0.828 0.03334 -85.7 0.4
©.03400,0086 0.641 0,03414 -86.6 0.471
0.03480.09086 @.854 0,03495 -85.56 G.,470
M AAFIM ACGH m BOE X AGEATY _QAC 4 A AT

M
1,000
1,600
1.000
1.000-
1,000
1,000
1.000
1.000
1,000
1.002
1,005
1.007

1,087

1.091
1,093
1.996
1.097
1.099
1,102
1.104
1,108
1.108
1,11¢
1.112
1.114
1.118
1.118

1 1094

2.00 AMU= 1,91 I=
CHARGE STATE 1.

PAGE 1
cL T
2.60
1.19
1.79
2.36
2.98
3.87
4.17
4.78
' 5.38
5.96
8.58
7.16
7.74
8.34
8.94
9.53
@.5698 190.13
€.596 10.72
9.596 11.32
8.696 11.92
0.697 12.61
0.597 13.11
2.597 13.71
9.597 14.30
8.597 14.90
0.698 15.50
2.598 16.10
6.598 16.70
2.599 17.29
2.599 17.89
6.699 18.49
0.800  19.09
0.601  19.89
9.601 20.29°
2.802 20.90
0.802 21.50
2.603 22,10
2.804 22.71
2.805 23,31
0.808 23,92
©.807 24,52
0.608 26.13
0.609 25.74
2.81¢ 26,35
2.611 26,98
@.812  27.67
©.614 28.19
©.615 28,80
0.817 29.42
@.618 30.04
0.820 30,66
0.822 31,28
0.623 31.90
9.826 32.563
0.827 33.15
2.829 33.78
0.831 34,41
0,834 36.05
0.638 35,69
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NC Y

610,119
620,119
630,119
640,119
650,119
660.119
670.119
660,119
690.119
700.119
710,119
720.119
730.119
746.119
760.119
760,119
776.119
780.119
790.119
800.119
010.119
$20.119
$30.119
040.119
860.119
$60.119
970.119
$80.119

1216.119

122¢.119
1239.119

1260, uuo

WS BETA E2 cAPA PH1 A M B

€.63540.0087
0.036570,.0087
0.03600,0088
¢.03630.0088
0.03660.0088
9.03700.0089
©.03730.2089
2.03779.0090
0.03810.0090
©.03860.2091
©.03890.2091
0.03930,0092
©.03980.0092
0.04020.0093
0.04070.0093
0.94120.2094
0.04170.0094
2.04230.0096
0.24300.20968

0.04370,00968"

0.04440,0097
@.04630.2098
.04620.0099
¢.04710.0100
0.04820,0101
0.04930.0102
.065040,0104
©.05170,0105
€.¢5310.0108
@.06450.02108
€.95610,0109
0.06770.0111
8.06960.0113
0.08142.0114
0.08340.0116
€.08570.0118
0.06830.90121
0.07110.0123
0.07420.0128
.07760.0129
€.08130.0132
@.08580.0136
0.09040.0139

0.99580.0143
0.10200.0147
¢.10910.0162
.6.11720.0168
0.12660,0164
0.13760.0171
0.15049,0179
0.16670.0188
0.18410.0198
©.20650.0210

. 0.23400.0223

u nOosa 0239

040830, 9295
©.45730.0312
0.50670.0328
0.56640.0344
0.80640.0369
0.06000.0374
0.70710,0388
8.76779,0402
0.80850.0415

2.874 0.036829
0.883 0,036893
0.892 0,03769
¢.702 9.03828
@.711 0.03894
2.721 0.03986
0.730 0.04037
0.740 0.04111
¢.760 9©.04188
3.760 0.04284
2.770 0.04343
0.781 ©.04425
2.791 0.04509
2.802 0.04594
2.812 0.04682
2.823 0.04778
0.832 0.04867
9.842 ¢.04957
¢.852 ©.06062
©.8682 0.05163
©.872 ©.06269
2,883 0.95371
2.894 0.05492
©.995 ©.05616
@.917 0.05748
0.928 0.05883
0.940 0.08027
©.962 0.06178
9.964 0.06338
2.976 0.08501
©.988 ©.06872
0.999 0.08851
1,011 9.07037
1.023 0.07229
1,047 0.97633
1,078 0.87894
1.108 90.08287
1.139 0.08664
1.17¢ 0,092856
1.200 0.09530
1,232 9.099999
1.287 @.10734
1.344 0.11520
1,402 0.12368
1,463 0,13302
1.660 0.14667
1.836 0.16908
1.747 0.17656
1.887 0.19649
2.024 0.22243
2.202 9,26377
2.419 0.2933¢
2.685 9.,34420
3.006 0.40922
3.4286 a.&ouun

3.6514 e an;ao
3.339 0.683042
3.186 0.83516
3.060 0.63901
2,929 ©.64221
2,621 9.64490
2.724 ©.,64720
2.036 ©2.84919
2.565 ©.65092

-86.3 2,470
-86.3 0,470
-86.2 9,489
-86.1 0.469
-86.0 0,489
-84.9 0,488
-84.8 0,488
-84.,7 0,468
-84.8 0,468
~84.5 0,487
-84.,4 0,467
-84.3 0.467
~-84.2 0.487
-84.1 0.468
-84.9 0,486
-83.6 @.486
-83.1 0.465
-82.8 9.465
-82.1 0.485
-81.6 0.485
-81.1 9.465
-80.8 0.464
-80.1 0.404
-79.6 0.464
-79.0 0,483
-78.5 0.463
-77.9 0,463
~77.4 0,463
-76.8 0.462
-78.2 0.482
-76.7 0,482
-75.1 0.481
-74.5 0,461
-73.9 0.461
-73,0 @,460
-71.8 2.469
-78.7 0.488
~69.6 0.4567
-88,4 0,458
-87.2 @.455
-65.9 ©.454
-84.4 0,452
-82.9 0.450
~-81.3 0.448
~69.6 0,445
-67.8 0,442
~-56.9 0.438
~63,9 0.433
-51.8 0,427
-49.7 0.420
-4T7 .4 0,411
~-46.1 0.399
~42.6 0.384
-40.1 0.364
owﬂ 50, mwm

-33.9 @. 287

1.121
1.122
1.124
1,128
1.128
1.127
1.129
1,130
1,131
1,133
1,134
1.1368
1.137
1.138
1.140
1.141
1.142
1,143
1.144
1,145
1,148
1.147
1,148
1.149
1.181
1.162

1.163°

1.164
1,158
1.187
1.168
1,169
1,180
1.1682
1.166
1.189
1.174
1,179
1.184
1.189
1,194
1,204
1,214
1.226
1,237
1.266
1.273
1.299
1.328
1,368
1.418
1.484
1.877
1.709
1.924

2.272
2.272
2.272
2.272
2,272
¢.272
2.2712
2.272
2.272

11.44)
11,441
11,441
11,441
11,441
11.441
11,441
11,441

J1,441

11,441
11,441
11.441
11,441
11.441
11,441
11.44]
11.441
11.441
11,441
11.441
11.443%
11,441
11.441
11.441
11,441
11.44)1
11.441
11,441
11.441
11,441
11,441
11.44]
11,441
11.441
11,441
11.441
11.441
11.441
11.441
11,441
11,441
11.441
11.441
11.441
11.440
11.440
11,440
11.440
11,440
11,440
11.441
11,440
11,448
11.449
11.440

11.440
11.440
11.442
11,440
11,440
11.440
11,449
11.440
11.442

¢l

@.641
2.643
2.646
0.849
@.6862
2.8556
@.858
9.661
9.664
0.887
2.671
2.676
2.878
2.682
0.888
2.691
0.898
2,701
2.708
2.711
0.717
9.724
2.731
2.738
9.748
2.764
9.763
2.773
@.782
0.798
@.804
¢.816
2.82¢8
9.841

0.872

TL

38.98
37.61
38.26
38,90
39.66
40.21
40.87
41.83
42.19
42,88
43,53
44,20
44,88
46.56
48,25
48.94
47.684
48.34
49.04
49.75
590.47
61.19
61,93
62.86
63.41
64,18
54,93
55.70

mm ao
60,56

1311.98

PARMTER resnft obtabned
Gt Fermilap NQ?\:.\&\.
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NCV ws BEMER2 CAPAPII A M B cL TL

1270,119 ©.86960.0428 2,481 0.865244 -33,8 0,287 2.272 11,440 3,130
1280.119 ©.91070.0440 2,412 0,66379 -33.6 0,206 2.272 11.440 3,226 118.33
1290.119 ©.96210.0463 2.349 0,66499 -33.6 0.206 2.272 11.440 3,318 121.66
1300,119 1.01360.,0464 2,291 0.66607 -33.4 0,206 2,272 11.440 3,408 126.08
1310.119 1.06620.0476 2.230 0.66704 -33,2 0,206 2,272 11,440 3,496 128.68
1329.119 1.11700.0488 2.185 9.66793 -33,1 0,208 2,272 11.440 3.683 132,13
1330.119 1,18890.0499 2.138 ¢.86873 -32,9 0,288 2,272 11.440 3.887 136,80
1340,119 1.22090.0610 2.093 0.66948 -32,7 0,285 2.272 11.440 3,750 139.66
1360.119 1.27310.0620 2.050 0.66014 -32,.68 ©,285 2.272.11.440 3,831 143,38
13680,119 1,3268¢.0531 2.011 0.66078 -32.4 0,205 2,272 11,440 3,911 147,29
1370.119 1.37790.9641 1.973 0.66133 -32,2 0,286 2,272 11.44¢ 3,989 151,28
1380.119 1.43060.0662 1.937 0.64187 -32,1 0,206 2,272 11.440 4,068 155,35
1390.119 1,48320.06562 1,903 0.686238 -31,9 0,285 2,272 11.448 4,142 159,49
1400.119 1,83610.0672 1,871 6.686282 -31.7 0.286 2.272 11.439 4,217 163,71
1410.119 1,58900.9581 1.84¢ 0,66326 -31.5 ©,286 2,272 11,439 4,290 168,00
1420,119 1.64210.0691 1.810 6,66388 -31.4 0,285 2,272 11.439 4,362 172.36
1430.119 1.69640,06800 1.782 0,66403 -31,2 ©,285 2,272 11,439 4,434 178,79
1440.119 1.74879.0610 1.756 0,88439 -31.0 0,286 2.272 11.439 4,504 181,30
1460.119 1,80220.¢619 1.73¢ 6.66472 -30.8 0,284 2,272 11.439 4,674 186.87
1460.119 1.85680.0628 1.705 ¢.66504 -30.6 0,284 2,272 11,439 4,642 190,51
1470.119 1,90960,0637 1.681 0.68633 -30.4 0,284 2.272 11.439 4.71¢ 195.22
1480,119 1.96340.0646 1.668 0.66862 -30.2 0.284 2.272 11.439 4.777 200.00

1490.119 mwmeqaa.Qamm 1.638 ©.66588 -30.0 0.284 2.272 11,439 4.843 204.84
-1

ELIMIT 9.1217

INPUT 8 380 2.78 10.19 ©.012605 2.78 10.10 ©.012605 180, @,
QUTPUT 3 1 33 56 33 021 1

OQUTPUT 2 -1 33 56 00 02 1 500

QUTPUT 2 -1 33 68 @2 @1 6 602 &

OUTPUT 4 1 33 66 33 ¢1 1

SCHEFF 60.0 0.0497 0.0598 10 20 65 19

BEGIN

END
= 5, NGOOD = 360
= 10, NGOOD = 380
= 15, NGOOD = 368
= 20, NGDOD = 360
s 25, NGOOD = 380
= 30, NGOOD = 36¢
= 385, NGOOD = 362
= 40, NGOOD = 360
= 48, NGOOD = 360
= B@, NGOOD = 360
= BB, NGOUOD = 360
= 68, NGOUOUD = 380
= 658, NGOUO = 369 .
= 7@, NGOOD = 380
= 78, NGogb = 360
= 89, NGOGD = 360
= 88, NQUOD = 382
= 98, NGOOD = 360
= 95, NGOOD = 360
= 100, NGOOD = 360
= 106, NGOOD = 360
= 110, NGOOD = 2369
s 115, NGOOD = '357
= 120, NGOOD = 356
= 126, NGOOD = 356
= 130, NGOOD = 35§
= 136, NGOOD = 366
= 140, NGOOD = 356
= 145, NGOOD = 354

NCELL = 149, NGOOD = 383
END OF RUN 0
END

FNRTRAN STNP
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